OBJECTIVES The goal of this study was to test the effects of a respiratory filter intervention (filter) during controlled pollution exposure.
Although most attention has focused on the association of air pollution with myocardial infarction, the effects of PM on other cardiovascular conditions, such as heart failure (HF), have been less well described. HF imposes one of the highest clinical and economic burdens of any medical condition in the United States (7, 8) and is often marked by recurrent episodes of decompensation and multiple hospitalizations (9) . Air pollution is linked to an increased risk of HF decompensation (10, 11) , and it has been estimated that reducing median daily PM2.5 concentrations by a mean of 3.9 mg/m (13, 14) . Endothelial dysfunction is an early and independent predictor of clinical deterioration and death in patients with HF (15) ; the effects of DE on the endothelial function of patients with HF have never been studied in a controlled exposure setting, however.
Reduction of traffic emissions involves economic and political difficulties.
In an open-label study, use of a polypropylene filter face mask reduced the adverse effects of particle inhalations on blood pressure and heart rate variability (HRV) in healthy volunteers (16) . The potential cardiovascular benefits of individual filters for patients with HF exposed to urban air pollution have not been established. The present superiority trial tested whether a filter could reduce endothelial dysfunction and other adverse cardiovascular effects related to DE compared with unfiltered DE in patients with HF.
METHODS
This study was a double-blind, randomized to order, controlled, 3-way crossover, single-center clinical trial conducted in the heart failure department of a tertiary teaching hospital in São Paulo, The FILTER-HF Trial The Aix is defined as the difference between the first and the second peaks of the arterial waveform, and this metric has been proposed as an index of "arterial stiffness."
6-MIN WALK TEST. We applied the 6-min walk test aligned to the Borg Rating of Perceived Exertion scale to ensure that the subjects underwent a submaximal test, as previously described (19) .
HEART RATE VARIABILITY. To assess the acute effects of DE on HRV, data were collected on a frequency counter watch and chest strap (Polar RS800, Polar Electro Oy, Kempele, Finland) and then trans- Diesel exhaust (DE) is generated from a diesel engine connected to a refrigerated metal retainer before being fed into a Tedlar bag. Exhaust flows from the bag into a mixing tube, which is regulated by a diaphragm pump, to be diluted with clean air. The air is continuously monitored for particulate matter <2.5 mm in aerodynamic diameter (PM 2.5), nitrogen oxides, and carbon monoxide. The diaphragm pump is adjusted to keep the PM 2.5 concentration at 300 mg/m 3 . The filtered pollution is generated in an identical manner, but the exhaust passes through a personal protective equipment polypropylene particulate filter respirator, which is only inserted into the mixing tube during the corresponding protocol.
Vieira et al. (AcaStat Software, Poinciana, Florida). A probability value of p < 0.05 was considered statistically significant.
RESULTS

BASELINE CHARACTERISTICS OF STUDY SUBJECTS.
Baseline characteristics and participant flow are depicted in Table 1 and Figure 1 , respectively.
As outlined, the majority of patients with HF However, there were no differences between filtered and unfiltered DE. Values are mean AE SD or n unless otherwise noted. *p < 0.05 for patients with heart failure (HF) versus control subjects.
ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; LVEF ¼ left ventricular ejection fraction; NYHA ¼ New York Heart Association. Figure 3B ). There were no systemic effects on hematologic indices or platelet counts in peripheral blood ( Table 4) .
HEART RATE VARIABILITY. No significant arrhythmias occurred during or after exposure sessions.
Inhalation of DE for 15 min did not affect time or frequency domain measures of HRV in either control
volunteers or patients with HF, and there were no differences compared with filter or clean air sessions ( Table 5) .
DISCUSSION
There are consistent temporal associations between exposure to air pollutants and HF hospitalizations and mortality (10,11). To our knowledge, this trial is
FIGURE 3 Filter Effects on Endothelial Function and BNP During Diesel Exhaust Exposure
(A) Endothelial function assessed by using the reactive hyperemia index (RHi) in patients with heart failure and control volunteers after exposure to clean air, diesel exhaust pollution, or filtered pollution. (B) B-type natriuretic peptide (BNP) levels in heart failure patients after exposure to clean air, diesel exhaust pollution, or filtered pollution. Both panels depict medians (bars) and interquartile ranges (whiskers). *Indicates outliers. HF ¼ heart failure. Values are mean AE SD and were analyzed by using analysis of variance with repeated measures. *Differences between control and subjects with heart failure (HF) are statistically significant (p < 0.05). †p < 0.050 for clean air vs. air pollution. ‡p < 0.050 for clean air vs. filtered pollution.
DBP ¼ diastolic blood pressure; SBP ¼ systolic blood pressure.
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CONCLUSIONS
To our knowledge, this trial is the first to show that a simple respiratory filter can reduce the adverse effects of pollution on endothelial function and BNP in patients with HF. Given the worldwide prevalence of exposure to traffic-related air pollution, these findings could be relevant for public health, especially in this highly susceptible population.
PERSPECTIVES COMPETENCY IN MEDICAL KNOWLEDGE:
We have provided a plausible and simple intervention to potentially reduce the HF decompensation associated with air pollution exposure. Given these potential benefits, the widespread use of filters in patients with HF exposed to traffic-derived air pollution may have a beneficial public health impact and reduce the burden of HF. Our results may also be important for other populations, given that endothelial dysfunction has emerged as a potentially valuable prognostic tool for predicting the development of atherosclerosis and coronary heart disease.
TRANSLATIONAL OUTLOOK:
The pioneering demonstration that a filter intervention is effective in improving endothelial dysfunction and preventing the elevated BNP levels associated with diesel pollution exposure could provide a new strategy for treating and preventing pollution-related HF morbidities. Mask filters should be tested in a larger sample of subjects during controlled exposure to DE.
